Nurr1 is phosphorylated by ERK2 in vitro and its phosphorylation upregulates tyrosine hydroxylase expression in SH-SY5Y cells.
Nurr1 is an orphan nuclear receptor essential for development and survival of dopaminergic neurons. Mutations in Nurr1 are associated with Parkinson's disease (PD) and there is a correlation between Nurr1 and tyrosine hydroxylase (TH) expression in PD brain. Two domains, activation function 1 (AF1) at the N-terminus and AF2 at the C-terminus of Nurr1, are important for Nurr1 activation. AF1 domain is conserved in NGFI-B/Nurr1/Nor-1 family members and MAPK signal pathway is involved in AF1 activity. Using in vitro phoshorylation assays, we have shown that ERK2 is a kinase to phosphorylate Nurr1 on multiple sites. S126 and T132, which are located near AF1 core of Nurr1, are dominant sites phosphorylated by ERK2. Moreover, using GST pull-down and co-IP assays, we identified that both the N-terminus of Nurr1 containing three ERK docking domains and another ERK docking domain in Nurr1 DNA binding domain are able to bind to ERK2. Furthermore, overexpression of a constitutively active form of MEK1, together with Nurr1 and mouse ERK2, greatly increases the tyrosine hydroxylase expression in SH-SY5Y cells. Reporter gene assays show that Nurr1Delta124-133/T185A, an ERK2 phospho-site mutant form, could not further increase its transcriptional activity on TH promoter, suggesting that Nurr1 phosphorylation by ERK2 may regulate its transcriptional activity on TH promoter. Thus, our results indicate that Nurr1 phosphorylation by ERK2 may play a role in regulating the TH expression.